The aim of this paper is to shed some more light on the issue of whether the pitch or FO downtrend observed in British English declarative sentences should be analysed as the result of an overall declination effect, triggered by a physiological or phonetic mechanism, or as an intended, phonologically controlled, downstep phenomenon. Previous studies on English intonation disagree on the interpretation of such downtrends. In this paper the scaUng of pitch accents is analysed as an effect of the temporal distance (or number of unaccented syllables) between accents. 72 declarative sentences are examined. Sentences consisted of two or three accents. The number of intervening syUables between accents varied between 1 and 8. The hypothesis is that if the number of intervening syUables or temporal distance has an effect on the scaUng of accents, then a decUnation effect should be postulated. On the other hand, if pitch accents have the same scaüng despite differences in the number of intervening syUables, then FO downtrends should be interpreted as the result of downstep. The results show that the scaling of peaks is not affected by the number of intervening syUables between accents and henee pitch downtrends are interpreted as the result of a linguisticaUy controUed downstep rather than a gradual decUnation effect.
INTRODUCTION
It has been observed cross-linguistically that pitch (or FO)' tends to gradually decline over the course of an utterance (Ladd 1984) . This is illustrated in Figure 1 , which shows an English declarative sentence produced with four High (H*) tones or pitch accents. These tones are not scaled at the same level but each H* is lower than the preceding one. According to the Autosegmental-Metrical approach of intonational analysis (Pierrehumbert (1980) ; Beckman & Fierrehumbert (1986) ; Pierrehumbert & Beckman (1988) ; Beckman & Hirschberg (1994) ; Ladd (1996) ; among many others), the phonological entity H* stands for an FO rise within the limits of the accented syllable. An ! before H* indicates that this FO peak is lower than the preceding one. L-and L% account for the low FO contour at the end of the utterance. The interpretation of such a downtrend varíes in the literature. Two major views have been proposed for the description of FO downtrends, referred to by among others Ladd (1983) and Nolan (1995) as the Contour Interaction model and the Tone Sequence model (henceforth CI and TS respectively) . Within the CI model, the downward trend of pitch has been analysed as a global effect, conceived as a component of the overall contour. Thus, FO downtrends were believed to be tríggered by an automatic physiological mechanism (Fujisaki 1983 (Fujisaki ,1988 for Japanese; Thorsen 1980 for Danish; Bruce 1977 for Swedish; Lieberman 1967 , Liberman 1975 , Cooper and Sorensen 1981 , Lieberman and Blumstein 1990 for English; among others). Followers of the TS model, however, treated this FO downtrend as a local, phonologically controlled mechanism, which affects accents individually and in relation to previous accents. Pierrehumbert (1980) and Liberman and Pierrehumbert (1984) discovered that the valué of each FO peak in a descending contour could be expressed as a constant proportion of the previous peak. They found that timedependent lowering was almost absent in their data and that pitch descent could be characterised as an accent-by-accent decay, which they termed downstep (or catathesis in Pierrehumbert and Beckman 1988) , eliminating the need for a global declination component. Additionally, they found out that the final pitch accent in a sentence undergoes a more drastic lowering in FO than expected by the application of the downstep rule and proposed to account for it by using a lowering constant. The existence of ' In this paper, the terms «pitch» and «FO» will be used interchangeabiy. Fundamental frequency (FO) is the acoustic correlate of the percepmal sensation of pitch.
downstep and final lowering has been observed in many other languages apart from American English (Japanese: Pierrehumbert 1986, Poser 1984; Mexican Spanish: Prieto et al 1996; Germán: Móbius 1993 , Grabe 1998 , to appear, Central Catalán: Estebas-Vilaplana, 2000 .
However, some studies on intonation (Pierrehumbert and Beckman 1988 , Poser 1984 , Fujisaki 1983 , 1988 propose that the analysis of pitch downtrends as a sequence of localised phonological events does not exelude the existence of a global declination effect and suggest that both phenomena, declination and downstep, can coexist in the same utterance. Also Grabe (to appear) suggests that what Liberman and Pierrehumbert (1984) interpreted as final lowering in American English sentences seems to be an effect of declination in British English utterances, since the greater FD reduction observed on the utterance-fínal peak can be explained by a greater time interval between peaks. In the studies that claim the existence of the two mechanisms, declination is considered a residue downtrend after all other predictable lowering mechanisms have applied (see Prieto 2003 for more details on these downward trends).
In this paper, the nature of FO downtrends in British English will be examined in relation to the temporal distance (or number of unaccented syllables) between accents. In particular, we will investígate whether the FO downtrend observed in the neutral declarative sentences produced by a native British English speaker responds to a global, time-dependent declination effect or to a local, linguistically-controUed downstep mechanism. This will be done by comparing the FO máximum of consecutive peaks separated by different temporal distances (or number of intervening syllaAbles between accents). If declination is active, a greater amount of FO lowering is expected as the temporal distance between H* pitch accents increases. Altematively, if the height of peaks is stable and not affected by temporal distance, then the pitch downtrend would h)e the result of a controlled downstep or accent-by-accent decay.
EXPERIMENTAL DESING
The data examined in this study consisted of 72 Subject-Verb-Object English declarative sentences (e.g. Amelia married a marine). The majority of sentences consisted of 3 stresses (88% of sentences) and only a few of them had 4 stresses (12% of sentences). The number of unstressed syllables between stresses varied between 1 and 4. Thus, our initial aim was to compare the scaling of FO peaks in two conditions: i) 1-2 intervening syllables and ii) 3-4 intervening syllables. However, as we will see in section 3, not all stresses became accentedl Sentences with 3 stresses tended to be produced with 2 pitch accents. Sentences with 4 stresses were produced with 3 pitch accents. Depending on which syllables the speaker decided to accentuate, the number of unaccented syllables between accents varied between 1 and 8 syllables. Thus, three different conditions were fínally analysed: i) 1-2 intervening syllables, ii) 3-4 intervening syllables, and iii) 5-8 intervening syllables. Sentences were designed with the máximum number of voiced segments possible to avoid interrupted FO contours. See the Appendix for the list of sentences used in the experiment.
The informant was a 30 year-old female speaker of a Southern (London) variety of British English. Sentences were gathered by means of a reading activity. The speaker was given a list of structures and was asked to read them in a neutral way, as if they were answers to the question «what happens?». The data were recorded in the anechoic room of the Department of Phonetics and Linguistics of University College London. For each sentence, speech and laryngeal (Lx) signáis were obtained. Speech was recorded to a B&K sound level meter of the type 2231, which was fitted with a 4165 microphone. The microphone was placed at about twenty centimetres from the speaker. The laryngeal signal was obtained by means of a laryngograph processor.
ANALYSIS OF THE DATA
An acoustic analysis of the data was performed by means of the Speech Filing System (SFS) program, which allowed us to obtain FO traces from the laryngeal signal. To transfer the speech and laryngeal signáis obtained in the recordings into the computer, the two signáis were played on a Dennon DN-770R tape recorder connected into a Sun Sparc-lO computer running SFS. Acquisition of the signáis was done at 16 KHz sampling rate, following the routines of the program. For the acoustic analysis a timealigned inspection of the speech waveform and the FO contour was carried out. An example of the sentence Amelia married a marine with three stresses (underlined) but produced with two pitch accents (on the first and last stressed syllables) is presented in Figure 2 below. The upper box shows the speech waveform, the middle box the FO trace and finally the lower box signáis the beginning of each syllable. In order to examine the nature of FO downtrends in the productions, the foUowing points were labelled in the FO contours: The results showed that not all stressed syllables became accented. Sentences with 3 stresses tended to get two pitch accents (on the first stressed syllable and on the last stressed syllable, as illustrated in Figure 2 above). Sentences with 4 stresses had 3 accents (usually the second stressed syllable did not become accented). The schematised mean FO contours of utterances with a different number of stresses (and accents) are presented in Figure 3 . The L and H letters indícate the mean valúes of FO mínimum and FO máximum obtained in the analysis respectively. The number of stresses and accents (in brackets) is specified on the graph. As expected, the results in Figure 3 show that British English neutral declaratives are produced with a sequence of High accents and that each accent is much lower than the preceding one.
Utterance initial and and fínal FO valúes and pitch range
Before analysing the nature of British English FO downtrends and deciding whether the pitch drop in each accent is the result of a phonologically controlled downstep or an overall declination effect, it was considered necessary to see whether differences in sentence length had an effect on the utterance initial and fínal FO valúes and on the pitch range with which sentences were produced. Whereas in some studies (Thorsen 1980, Cooper and Sorensen 1981) , utterance length seems to have an effect on the F' O range of the fírst peak (and subsequently of all other peaks), in other studies (Liberman and Pierrehumbert 1984 , Prieto et al 1996 , Estebas-Vilaplana 2000 sentence length does not influence the degree of prominence in sentences. Since in our data sentences with a different number of stresses (and henee with different length) were gathered, we first needed to prove that pitch accents are actually comparable and henee that utterance length does not affect pitch range. In order to do so, utterance-initial and utterance final FO valúes were calculated as well as the scope of the fírst FO rise (measured as the difference in Hz from the lowest point at the beginning of a contour to the highest FO valué of the first peak). If the FO excursión between the initial FO valué and the fírst peak is the same in sentences with different length, this will show that utterances with a different number of stresses are produced with the same pitch range and henee accents are comparable.
The mean FO valúes (in Hz) in utterance initial and utterance fínal positions for sentences with different length (3 and 4 stresses) are presented in Table 1 . As presented in Table 1 , the mean FO valué in utterance initial position is slightly higher in sentences with three stresses than in those with four stresses. However, the results of a t-test performed on the data showed no signifícant differences in utterance-initial FO valúes for sentences of different length at 1 per cent significance level (p=0.07, t=l .66). Similarly, utterance-final FO valúes did not present signifícant differences with respect to sentence length (p=0.16, t=1.66). Thus, the number of stresses per sentence (and subsequentíy the sentence length) does not seem to affect the initial and fínal FO valúes.
In addition, the FO range (difference in Hz from the lowest FO valué at the beginning of an utterance to the highest FO point of the fírst peak) was also rather constant in sentences with different number of stresses. This is shown in Table 2 which displays the mean FO range in utterances with three and four stresses and the results of t-tests comparing the FO range valúes. The results of the t-tests show that there are no signifícant differences in the FO range with respect to the number of stresses. Thus, the number of stresses per sentence (and subsequently the sentence length) does not seem to affect the degree of prominence or pitch range with which sentences were produced. These results agree with those of Liberman and Pierrehumbert (1984) for American English and pro ve that pitch accents are comparable irrespective of sentence length. Table 2 . Mean FD range in utterances with three and four stresses and results of t-tests comparing the FO range valúes.
Effects of temporal distance between peaks
One of the strategies used by some researchers (Prieto et al 1996 , Estebas-Vilaplana 2000, Grabe to appear, among others) to detect whether declination is active in downtrend FO contours is the analysis of the temporal distance (examined in terms of the number of intervening unaccented syllables) between pitch accents. If declination is present, the FO reduction is expected to be bigger as the time interval (or number of intervening syllables) between peaks increases. Otherwise, if there is no declination, the FO reduction is expected to ha ve a constant valué irrespective of the time interval between peaks.
In order to see whether a declination componen! was operating in the British English sentences, the valúes of Hl and H2 were compared in sentences with two accents but with a different number of intervening syllables between them. Sentences were divided into three groups according to the number of unaccented syllables between accents: i) 1-2 syllables, ii) 3-4 syllables and iii) 5-8 syllables. Before analysing the effect of syllable distance on the scaling of two peaks, we wanted to confirm that differences in the number of syllables involved differences in real duration. Henee, the temporal distance between Hl and H2 was measured for the three groups of syllables The mean duration between Hl and H2 according to the number of intervening syllables is presented in Table 3 . Table 3 . Mean duration (in seconds) between peaks with 1-2,3-4 and 5-8 intervening syllables.
As expected, the bigger the number of intervening syllables between Hl and H2, the longer the temporal duration. T-tests comparing the results showed that the mean duration is signifícantly different (p<0.001, t=10.9) in all cases, indicating that the bigger the number of intervening syllables the longer the time to produce them.
Once it had been confirmed that differences in the number of syllables involved differences in time, we compared the mean peak height of H2 preceded by 1-2,3-4 and 5-8 unaccented syllables as well as the amount of pitch drop (FD mean difference) between Hl and H2. The results plotted in Figure 4 show the mean FO valúes for Hl and H2 with different number of intervening syllables. Table 4 presents the mean FO valúes of H2 according to the number of intervening syllables. Finally, Table 5 The results presented in Table 4 show that the mean FO valúes of H2 slightly decrease as the number of intervening syllables increases. However, the statistical analysis performed on the data (ANOVA) shows that these differences are not significant (p=0.16 and F=2.3). The results presented in Table 5 are similar to those observed in Table 4 . Even though the mean FO difference between Hl and H2 seems to increase as the number of syllables increases, the statistical analysis (ANOVA) shows that these differences are not significant (p=0.13 and F=2.11). These fíndings indícate that the scaling of H2 is very little affected by the number of intervening unaccented syllables between Hl and H2, proving the lack of a declination effect in British English neutral declaratives, This suggests that downtrend contours in this language origínate from the repeating occurrence of downstep accents, rather than from a global declination component. These results agree with those of Liberman and Pierrehumbert (1984) for American English who treated pitch downtrends as the result of a linguistically controlled downstep rather than a gradual declination effect and support the proposal of the TS view, which analyses pitch downtrends as the result of an accent-by-accent decay.
Final Loweríng
One final issue derived from the data is the question whether the last pitch accent undergoes final lowering or not. Liberman and Pierrehumbert (1984) carried out several experiments, which showed that the final accent of a declarative is lower in FO range than predicted by the location of the immediately preceding accent. However, recent work on British English (Grabe 1998, Grabe to appear) has shown that, unlike American English, Southern Standard British English does not have final lowering. The results of her data demónstrate that the last pitch accent was affected by the amount of segmental material between accents (steps between successive accents increased as more material was inserted) suggesting the presence of declination. Obviously, to be able to support one of these two views more data and more speakers would be needed. However, from the observations gathered so far, final lowering does seem to opérate in the data. This is illustrated in Figure 5 , which plots 1) the mean peak valúes of Hl and H2 in sentences with three stresses and two pitch accents (produced with a different number of intervening syHables between accents), and 2) the mean peak valúes of Hl, H2 and H3 in sentences with four stresses and three pitch accents. The results show that H2 (or final accent) in sentences with three stresses but two accents (3,2) is much lower than the second H2 (non-final accent) in utterances with four stresses but three accents (4,3), indicating the presence of final lowering on the last accent in (3,2) utterances. Overall, the results of FO downtrends in the English data confirm the findings of Liberman and Pierrehumbert (1984) , Beckman and Pierrehumbert (1986) , and Pierrehumbert and Beckman (1988) for American English. English declaratives are produced with a series of local downstepping accents. The last accent of the declarative shows a greater amount of lowering than the predicted by the downstep rule. This differs from the results of Grabe (1998, to appear) who shows that in British English final lowering is absent.
CONCLUSIÓN
In this paper the nature of pitch or FO downtrends in British English declarative sentences has been analysed as an effect of the temporal distance between pitch accents. The predictions were that if the scaling of pitch accents is affected by the temporal distance (or number of unaccented syllables) between accents, then a declination effect should be postulated. On the other hand, if pitch accents had the same scaling despite differences on the number of intervening syllables, then FO downtrends should be interpreted as the result of an intended, phonologically controlled, downstep phenomenon. 72 declarative sentences produced with of two or three pitch accents and with a different number of intervening syllables between accents (from 1 till 8) were examined. The results showed that the scaling of FO peaks is not affected by the number of intervening syllables between accents and henee pitch downtrends in British English should be interpreted as the result of a linguistically controlled downstep mechanism rather than a gradual declination effect. These results support the findings of the TS model, which interprets TO downtrends as a local, accent-by-accent phenomenon rather than a global component of the utterance.
